Objectives: We aimed to assess the effects of rituximab therapy on cerebral hemodynamics in rheumatic patients with transcranial Doppler (TCD) ultrasonography. Methods: The study included seven patients aged 20-65 years (2 patients with secondary interstitial lung involvement to rheumatoid arthritis, 3 patients with systemic lupus erythematosus and lupus nephritis, 2 patients with scleroderma and secondary interstitial lung disease) who received rituximab treatment due to rheumatic diseases. Healthy control group (non-rheumatic group) consisted of seven age and sex-matched, randomly selected persons did not have risk factors for atherosclerosis. Bilateral middle cerebral artery peak-systolic, end-diastolic, and mean blood flow velocities, Gosling's pulsatility index values, and Pourcelot's resistance index values were recorded with TCD by a neurosonologist before rituximab administration. Control TCD performed to the rheumatic group after six months from the last rituximab dosage. Results: One patient was male and six patients were female. Peak-systolic, end-diastolic and mean blood flow velocities of rheumatic patients were significantly higher than healthy group (p < 0.001). Peak-systolic, enddiastolic and mean blood flow velocities of rheumatic patients were significantly decreased after rituximab therapy (p < 0.001). Conclusions: This study highlights that the increased cerebral blood flow is indirectly associated with atherosclerosis regarding persistent inflammation in patients with rheumatic diseases. It was thought that treatment with rituximab could reverse this situation.
The European Research Journal 2018;4(4):362-365 nflammation has an important role in the pathogenesis and prognosis of atherosclerosis [1, 2] . Rituximab is a monoclonal antibody drug used for improving the symptoms and preventing from the rheumatologic diseases [3] . Apart from traditional vasculo-protective agents, biologics such as rituximab, infliximab and etanercept may also exert favorable effects on the atherosclerosis and arterial stiffness. Furthermore, none of the existing studies examined with transcranial Doppler (TCD) ultrasonography whether increased arterial stiffness can be reversed by anti-inflammatory therapy. The technique of TCD ultrasonography enables assessment of hemodynamic parameters, including flow velocity in intracranial arteries. A milder or more generalized increased flow velocity could reflect intracerebral atherosclerosis. Here, we aimed to assess the effects of rituximab treatment on inflammation regarding atherosclerosis in rheumatic patients with TCD ultrasonography.
METHODS
Seven patients aged 20-65 years (2 patients with secondary interstitial lung involvement to rheumatoid arthritis, 3 patients with systemic lupus erythematosus and lupus nephritis, 2 patients with scleroderma and secondary interstitial lung disease) were eligible for enrolment. Patients were treated with rituximab according to medical practitioners' opinion. They received two intra-venous infusions of rituximab (1000 mg each) 2 weeks apart. They have not any risk factors for atherosclerosis, such as diabetes, hypertension, and coronary artery disease. Seven healthy persons were included to the study for control group.
Firstly, TCD performed before rituximab administration (baseline). Results of rheumatic group compared with the results of healthy control group. After six months from the last rituximab dosage control, TCD performed to the rheumatic group (one year period). Values of bilaterally middle cerebral artery (MCA) peak-systolic, end-diastolic and mean blood flow velocities, Gosling pulsatility index and Pourcelot's resistance index were recorded with TCD by a neurosonologist. The obtained values were compared with each other. The study was approved by the local research ethics committee and all participants gave written informed consent.
of TCD ultrasonography was performed with
Multi-Dop X DWL, TCD machine after the subjects rested in a supine position for 10 min. The right and the left MCA were insonated from the temporal windows at 50-65 mm depth with 2 MHz pulsed Doppler probes. Bilateral MCA peak-systolic, enddiastolic, and mean blood flow velocities; pulsatility index values, and resistance index values were recorded.
Statistical Analysis
The data was analyzed using the Statistical Package for Social Sciences (SPSS Inc, Chicago, IL, USA) 15.0 program. Paired t-test, cross-tabs tests were used for statistical analysis. In the analysis, p value < 0.05 was considered significant.
RESULTS
One patient was male and six patients were female. The mean age was found 52.3 years (Table 1) . TCD values were compared with rheumatic patients and healthy group (sex and age matched). Then, TCD values of before and after treatment with rituximab compared in each other. Peak-systolic, end-diastolic and mean blood flow velocities of rheumatic patients were significantly higher than healthy group (p < 0.001) ( Table 2) . Peak-systolic, end-diastolic and mean blood flow velocities of rheumatic patients were significantly decreased after rituximab therapy (p < 0.001) ( Table 3) . concerning the possible causal role of systemic inflammation in the development of endothelial dysfunction and accelerated atherosclerosis in rheumatic patients [4, 5] . In these patients, inflammatory markers such as particularly interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α) and C-reactive protein (CRP) are found in high levels. Currently, apart from traditional vasculo-protective agents, biologics such as rituximab, infliximab and etanercept may also exert favorable effects on the vasculature but there are conflicting data regarding the effects of these agents on atherosclerosis and arterial stiffness. We aimed to assess the effects of rituximab treatment on inflammation regarding atherosclerosis, a predictor of cerebrovascular diseases, in rheumatic patients. There may be differences in the effects of TNF blockers on dyslipidemia, as long-term infliximab therapy may be proatherogenic, while some studies suggest that etanercept and adalimumab may exert beneficial effects on lipids. Infliximab stimulates the number and differentiation of endothelial progenitor cells that lead to vascular repair. Preliminary data suggest that rituximab may also improve endothelial function and dyslipidemia [6, 7] . In a study of Provan et al. [8] , changes in cardiovascular disease risk markers over the 12-month follow-up in patients receiving rituximab were assessed by mixed models repeated analyses. And they showed significant reductions in these markers [8] . But in another study arterial stiffness did not improve after 6 and 12 months of rituximab therapy. The treatment had a beneficial effect on biologic inflammation and disease activity, but caused a pro-atherogenic lipid profile [9] . Further studies are needed to determine the net effects of biologics on the vasculature.
DISCUSSION
We found peak-systolic, end-diastolic and mean blood flow velocities were significantly higher in rheumatic group than in the healthy control group. But the pulsatility index and resistance index values were not significantly different in each group. However, correct interpretation of the pulsatility index is complex, because it depends not only on cerebrovascular resistance, but also on several systemic and cerebral variables [10] . The Rotterdam study reported that increased mild-to-moderate cerebral blood flow velocity is due to diffuse atherosclerosis or vasoconstriction [11] . Therefore, mechanisms that underlie this condition (increased velocities but normal PI values) are most likely to be due to mild diffuse subclinical atherosclerosis.
The Limitations of the Study
Our study had methodological limitations, including inadequate sample size and non-blinding of those involved in the measurements.
CONCLUSION
Increased cerebral blood flow velocities were observed in patients with rheumatologic diseases. The normalization of increased blood flow velocity with rituximab treatment suggests a reversible condition.
